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SPECIFICATION 

Js lETHOD FOR PR gmCTOjGTlEOCCURR^ OF RESTE NOSIS, 
FOLLOW I NG CORONA RY INTERVENTION^ 

FIELD OF THE INVENTION 
The present invention relates to a method for predicting restenosis following coronary 
intervention by measuring a human lipocalin-type prostaglandin D synthase (hereinafter 
referred to as L-PGDS) concentration in a body fluid sample. More particularly, the 
invention relates to the method for predicting restenosis following coronary intervention using 
changes in the L-PGDS concentration in the sample as an indicator. 



BACKGROUND OF THE INVENTION 
Methods for treating an ischemic heart disease such as angina, which brings about 
stenosis in a coronary, include pharmacotherapy, coronary artery bypass graft, and coronary 
intervention. 

Pharmacotherapy is a basic treatment for angina, and is used for improving 
myocardinal ischeniic conditions. Its mechanism of action works in two ways: one expands 
a coronary artery, improving a bloodflow into the myocardium (e.g. nitrous acid), and the 
other decreases the heart rate and blood pressure to reduce oxygen consumption of the 
myocardium, thereby preventing the occurrence of an attack (e.g. j3 blocker agent). On the 
other hand, coronary artery bypass graft is a method in which a blood vessel is newly 
established for a stenosed part to connect the aorta with peripheries of the stenosed part in a 
coronary artery, thereby reconstructing the circulation of the coronary artery. 

Coronary intervention is a method in which an intravascular catheter is inserted into a 
femoral artery and directed to a stenosed part, and then a physical treatment is performed 
locally to ensure blood flow. Various devices are used in coronary intervention. A 
Percutaneous Transluminal Coronary Angioplasty (referred to as PTCA hereinafter) is a 
method in which a balloon catheter is inserted into a blood vessel and expanded in a stenosed 
part, thereby enlarging the stenosed part to recover a normal bloodflow. A coronary stent 



implantation is a method in which a metal wire-woven tube is implanted in a stenosed part 
using a catheter to support a lumen of the coronary artery, thereby ensuring a normal 
bloodflow. 

As described above, coronary intervention is not accompanied by a surgical operation 
such as thoracotomy. Therefore, ever since Gruentig performed the first successful PTCA in 
1977, it has become widely used in Japan, not to mention Europe and America. In the early 
days, the application of coronary intervention was limited to stable angina with a restricted 
lesion in a single vessel. Its application was then extended to a stable angina with lesions in 
multiple vessels, and further, to an angina with a complete obstruction. Nowadays, it has 
become one of the established treatments for ischemic heart diseases. However, there is a 
significant weak point in PTCA in that an acute and subacute thrombotic occlusion occurs in 
an early stage following the operation, and that restenosis occurs within 3 to 4 months at 
30-40% probability (Nobuyoshi, M. et al, (1988) Am. Coll Cardiol 12: 616-623). 

Among these, for the acute and subacute thrombotic occlusion which occurs at an 
early stage, a method in which an intracoronary stent is used as a device, and in addition, 
aspirin and ticlopidine are used together, has been established as a typical prevention (Lincoff, 
A. M. et al (1993) J. Am, Coll Cardiol 21; 866-875). 

On the other hand, a step towards solving the restenosis problem was also presented 
by the development of the intracoronary stent. The restenosis occurrence following 
intervention in cases where this device is used decreased to 20-30% compared to PTCA using 
a balloon. Later on, the advent of various stents greatly lowered the probability of restenosis, 
however, they have fallen short of completely preventing restenosis (Fishman, D.L. et al 
(1994) M Engl J. Med, 331: 496-501; Serruys, P.W. et al (1994) Engl J. Med, 331: 
489-501). 

Therefore, together with the improvement of such devices, prevention by medication 
has also been attempted. 

Since the restenosis is triggered by platelets accumulating toward an intimal injury 
caused by coronary intervention as well as the growth of a newly-born intima, and by a 
platelet-derived growth factor being produced, the effect of antiplatelets was expected. 



However, none of aspirin, dipyridamole, and ticlopidine could reduce the restenosis 
occurrence. Furthermore, trapidil, which is an antagonist of the platelet-derived growth 
factor, was of no effect, and the preventive efficacy of anticoagulants, heparin and warfarin, 
was not confirmed either. Still further, it was reported that the restenosis rate is higher in the 
case of coronary spastic angina, and in view of the cause-effect relationship between 
restenosis and coronary spastic angina, the effect of a calcium antagonist was prospected. 
However, neither diltiazem nor nifedipine was effective (Arteriosclerosis :122; Medical Aoi 
Press). 

Under such circumstances, drugs that are being recognized as effective for restenosis 
have recently appeared. It has been reported that drugs that were prescribed as a keloidal 
^ drug such as tranilast which is an antiallergic agent and cilostazol which is an antiplatelet 
agent showed favorable results after PTCA, and basic research concerning these drugs is now 
^ proceeding (Ishiwata (1996) Kowa medical report Vol. 39, No. 3: 127-33; Tamal H, et aL 
W (1994) Circulation 90: ^652; Katsuki et al. (1998) Medicina 35: 659-661). Although neither 
€1 drug has been clinically tested on a large-scale yet, it is considered certain that effective drugs 
Cl including these will emerge in the future. 

Si i Z 

M Thus, an early prediction of the occurrence of restenosis will enable an effective 

gl precaution to be taken using drugs. Therefore, a method for eariy prediction of occurrence of 
restenosis following coronary intervention has been long expected, however, early prediction 
is not easy since restenosis following the intervention often occurs asymptomatically. 

Nowadays, various factors involved in restenosis are being studied, and their 
relationship with the mechanism of restenosis is being examined. Since the plasma 
concentration of angiotensin converting enzyme is correlated with the amount of intimal 
growth following a stent placement, its potential as an indicator for predicting restenosis has 
been suggested (Ohishi (1995) Hypertension 26: 561). Furthermore, based on the 
assumption that a constrictive remodeling is involved in occurrence of restenosis following 
PTCA, studies on endothelin (referred to as ET hereinafter) which is a vasoactive substance 
having a strong vasoconstrictive effect, have been carried out. Doi et al. measured the ET 
concentration in a coronary artery before/after/three months after PTCA, and reported that a 
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group with significant stenosis showed a greater degree of changes in the concentration 
compared to a group without significant stenosis was not confirmed, and they reported clinical 
data indicating that the ET increase in the coronary circulation played an important role in the 
mechanism of coronary artery restenosis following PTCA {Journal of Cardiology vol. 32 
Supplement 1: p391). It is suggested that the platelet-derived growth factor also has a 
potential as a factor for predicting restenosis in view of its involvement in a restoration 
process after being damaged by PTCA (Haneo et al. (1993) Journal of Clinical and 
Experimental Medicine 167 No. 6 p512). Naruko et al. carried out an investigation on the 
expression of natriuretic peptide system in a restenosed part, and confirmed the expression of 
natriuretic peptide C, natriuretic peptide A receptor, and natriuretic peptide clearance receptor 
in a newly-born intima of the restenosed part (Journal of Japan Atherosclerosis society vol. 25 
Supplement 1998: 140). 

However, for each agent excepting ET, the data merely indicates its involvement in 
the mechanism of restenosis, and no clinical findings capable of predicting restenosis at an 
early stage after coronary intervention have been obtained so far. Additionally, since ET 
requires a long-term follow-up of the changes in the concentration, it is not practical from the 
viewpoint of early prediction under present circumstances. 

Furthermore, several investigations have also been carried out on a method for 
predicting restenosis using an apparatus. Among the dynamics of coronary circulation 
during PTCA, a collateral blood flow ratio at the time of coronary occlusion [(QC/QN) 
max=coronary artery wedge pressure/average arterial pressure], that is to say, a collateral 
circulation upon coronary occlusion with balloon expansion during PTCA, was measured 
upon completion of PTCA, and its relationship with subsequently occuring restenosis was 
examined. As a result, it is reported that the degree of (QC/QN) max and restenosis are 
closely related {Journal of Cardiology vol. 32 Supplement I: P393). 

Kikuchi et al. showed that the transition of QTd and QTcd before coronary 
intervention, on the day following the intervention, in the period immediately after the 
intervention (5-24 days), and in the chronic period (69-204 days) using a 12 inducible 
electrocardiogram in the resting state after the intervention can be used as an indicator for 
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predicting restenosis {Journal of Cardiology vol. 32 Supplement I: p394). 

However, these methods are not suitable for an early prediction since, on the one 
hand, (QC/QN) max is invasive because it is accompanied by an intracardiac catheter method, 
while on the other hand, the transition of QTd and QTcd requires a considerable period of time 
for measurement. 

As mentioned above, although various investigations on a method for predicting 
restenosis following coronary intervention simply, non-invasively and promptly have been 
carried out, an outstanding predicting method that overcomes these problems has not been 
reported yet. 

On the other hand, we found that it is possible to detect and predict ischemic diseases 
using a L-PGDS concentration as an indicator since the L-PGDS concentration in a great 
cardiac vein and peripheral bloods of an angina patient is significantly higher than that of a 
healthy person. Further, it is possible to manage a prognosis of angina following PTCA, that 
is, to judge whether the stenosis is preferably eliminated by PTCA or not, since the L-PGDS 
concentration in great cardiac vein blood after PTCA decreases to the level of a healthy person 
at the convalescence stage (wo98/49559). However, its relevance with restenosis following 
coronary intervention has been unexamined. 

The object of the present invention is to provide a method for predicting the 
restenosis which may occur after coronary intervention simply, non-invasively, and promptly, 
the method being outstanding in that no burden is placed on a patient having difficulties in a 
coronary angiography such as an elderly person, kidney-diseased patient, etc. 

SUMMARY OF THE INVENTION 
To solve the above problems, we studied extensively and intensively as to whether a 
L-PGDS concentration can be a factor for predicting restenosis. Specifically, the L-PGDS 
concentration in a body fluid sample following coronary intervention was traced and its 
relevance with restenosis was examined. As a result, serial changes in the L-PGDS 
concentration in the sample after the intervention or changes before/after the intervention were 
divided into 2 types: 1) Type where the concentration decreased once after the intervention, 



then subsequently increased up until 48 hours after the intervention; 2) Type where the 
concentration decreased once after the intervention, and subsequently showed almost no 
change up until 48 hours after the intervention. It was found that this type-division could be 
used to classify patients into those in which restenosis would occur later and those in which no 
restenosis would occur. That is to say, it was elucidated that restenosis occurs a few months 
later in the case where no increase in the L-PGDS concentration in a body fluid sample has 
been observed at an early stage after the intervention, while on the other hand, no restenosis 
occurs in the case where the increase in the L-PGDS concentration has been observed. 
Accordingly, tracing the serial changes in the L-PGDS concentration in a body fluid sample 
enabled the prediction of the occurrence of restenosis following coronary intervention. 

Thus, the present invention provides a method for predicting restenosis following 
coronary intervention wherein the L-PGDS concentration in a body fluid sample is measured 
after the intervention, or before and after the intervention, and the changes in its value are used 
as an indicator, the method providing the following items (l)-(7): 

(1) A method for predicting restenosis following coronary intervention by measuring a 
L-PGDS concentration in a body fluid sample; 

(2) The method of the above (1) wherein a serial change in the L-PGDS concentration in 
the body fluid sample after coronary intervention is used as an indicator; 

(3) The method of the above (1) wherein a change in the L-PGDS concentration in the 
body fluid sample between before and after coronary intervention is used as an 
indicator; 

(4) The method of the above (1) wherein the L-PGDS concentration in the body fluid 
sample is measured using an immunological measuring method; 

(5) The method of the above (1) wherein the body fluid sample is blood or urine; 

(6) The method of the above (5) wherein the body fluid sample is blood taken from a 
coronary or peripheral blood; and 

(7) The method of the above (1) wherein coronary intervention is percutaneous 
transluminal coronary angioplasty (PTCA), directional coronary atherectomy (DCA), 
transluminal extraction catheter (TEC), rotary atherectomy coronary angioplasty 



(Rotablator), excimer laser coronary angioplasty, or intracoronary stenting. 

The specification of the present invention includes part or all of the contents as 
described in the specification and/or drawings of Japanese Patent Application No. 11-51216, 
which is a priority document of the present application. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a graph showing serial changes in the L-PGDS concentration in a coronary 
blood after a PTC A. 

Fig. 2 is a graph showing the relationship between the fluctuation in the L-PGDS 
concentration in a coronary blood before and after a PTC A. 

Fig. 3 is a graph showing serial changes in the L-PGDS concentration in peripheral 
blood after a PTC A. 

Fig. 4 is a graph showing the relationship between the fluctuation in the L-PGDS 
concentration in peripheral blood before and after a PTC A. 

BEST MODE FOR CARRYING OUT THE ESfVENTION 
The present invention will be described in detail. 

Coronary intervention includes, but is not limited to, operations that have a possibility 
of later restenosis occurrence such as percutaneous transluminal coronary angioplasty (PTCA), 
directional coronary atherectomy (DCA), transluminal extraction catheter (TEC), rotary 
atherectomy coronary angioplasty (Rotablator), excimer laser coronary angioplasty, 
intracoronary stenting, etc. 

In the present invention, a sample for which a L-PGDS concentration is measured, is 
a body fluid sample taken from a subject, for example, blood, urine, etc. 

A method for measuring the L-PGDS concentration in the above sample may be an 
immunological measuring method, an enzyme activity measuring method, etc., but it is not 
particularly limited as long as the measuring method reflects the L-PGDS concentration 
accurately. However, at an actual clinical site, an immunological measuring method such as 



EIA, ELISA, RIA, FIA, etc. using monoclonal or polyclonal antibodies that are specific to 
L-PGDS is preferred in view of its simplicity and the necessity of measuring a large amount of 
samples simultaneously. 

Of the above-mentioned inmiunological measuring methods, a sandwich ELISA 
method using a L-PGDS specific monoclonal antibody is particularly preferred. Said 
monoclonal antibody includes, for example, an antibody produced by hybridoma cell strains, 
such as 1B7 (PERM BP-5709, deposited on September 21, 1995), 7F5 (PERM BP-5711, 
deposited on June 6, 1996), 6P5 (PERM BP-5710, deposited on September 21, 1995), 9A6 
(PERM BP-5712, deposited on June 6, 1996) and 10A3 (PERM BP-5713, deposited on June 6, 
1996), those strains being deposited in the National Institute of Bioscience and 
Human-Technology (1-1-3, Higashi, Tsukuba, Ibaraki, Japan). 

When performing measurement with the sandwich ELISA method, a L-PGDS 
detection kit containing the above monoclonal antibody, which we have already established, 
can be used (see W097/ 16461). 

In the present invention, restenosis following coronary intervention can be predicted 
using the L-PGDS concentration measured by the above method as an indicator. 

Por the purpose of predicting restenosis following the intervention, a change over 
time in the L-PGDS concentration value in a body fluid sample of a subject measured by the 
above method is traced after the intervention, or before and after the intervention. 
Specifically, the case where the L-PGDS concentration hardly increases at an early stage after 
the intervention, i.e. within 48 hours, is judged as positive, and thus prediction can be 
performed. "Hardly increases" as used herein means that the ratio of the L-PGDS 
concentration in the sample does not exceed a specified ratio at two points after the 
intervention or at two points before and after the intervention, that is, for example, 
immediately before the intervention and 48 hours after the intervention. Changes in the 
concentration can be also judged by the concentration comparison or serial concentration 
change patterns at the following points: for example, immediately before the intervention and 
24 hours after the intervention; immediately after the intervention and 24 hours after the 
intervention; immediately after the intervention and 48 hours after the intervention; and 24 



hours after the intervention and 48 hours after the intervention. Thus, the method for 
observing changes in the concentration is not particularly liniited as long as serial changes in 
the concentration are shown by the method. 

EXAMPLES 

Embodiments of the present invention will be described below by means of illustration, 
but it is not intended that the scope of the present invention is limited to these embodiments. 
Example 1 : Measurement over time of a L-PGDS in coronary blood following a PTC A -1 
For blood taken from a coronary at points before and after PTC A (at four points: 
before PTCA; immediately after PTCA; 24 hours after PTCA; and 48 hours after PTCA) in 
Q the case of isolated left anterior descending coronary artery disease, a L-PGDS concentration 
5 was measured by a sandwich ELIS A method using two types of antibodies. 
%^ (1) Creation of the standard curve 

An anti L-PGDS monoclonal antibody capable of binding with the L-PGDS (clone: 
m 'ypg^ diluted in 50mM carbonic acid buffer (pH 9.6) to the concentration of 4.4 /i g/ml, 
K{ subsequently added to a 96-well microtiter plate by 300 fi 1 per well, and then left to stand 

overnight at 4^C for solidification. This plate was washed with phosphate buffer saline (pH 
Q 7.4, referred to as PBS hereinafter) three times, then 300 /x 1 of PBS containing 0.2% casein 

(pH 7.4, referred to as blocking solution hereinafter) was added to each well, and the plate was 
subsequently incubated for 90 min at SO'C, thus performing blocking. 

Next, the plate after blocking was washed with PBS containing 0.05% Tween20 
(referred to as T-PBS hereinafter) three times, then 100 /x 1 of a standard L-PGDS solution 
(prepared by serial dilution of L-PGDS refined from cerebrospinal fluid with the blocking 
solution) was added to each well, followed by incubation for 90 min at SO^C . After reaction, 
the plate was washed with T-PBS three times, then 100 u 1 of horseradish peroxidase-labeled 
anti-PGDS monoclonal antibody (clone: 1B7) diluted with the blocking solution to 0.5 /x g/ml 
was added to each well, followed by incubation for 90 min at SO'C . After washing three 
times with T-PBS, 100 /x 1 of coloring solution (ABTS solution: manufactured by Boehringer 
Mannheim) was added to each well, followed by incubation for 30 min at 30°C . 
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Subsequently, the reaction was stopped by adding 100 ii 1 of stop solution (1.5% oxalic acid) 
to each well, and stirring with a plate mixer. The difference of absorbance at 405nm and 
490nm (A405nm-490nm) was measured by a commercially available plate reader (model 
number Sk60U manufactured by SEIKAGAKU CORPORATION), thereby creating the 
standard curve. 

The monoclonal antibody (clone: 1B7, 7F5) used in the above sandwich ELISA 
method was obtained (3-lOmg/ml) by means of: injecting 1.0ml pristane into a mouse 
intraperitoneally; then at the second week, implanting 1 x 10^ of each antibody producing cell 
strain into the peritoneal cavity of the mouse; collecting ascites two weeks later; and 
subjecting the obtained ascites to protein A affinity column chromatography. 

Q The names of the above-mentioned monoclonal antibody producing cell strains are 

3 consistent with those of the above-mentioned monoclonal antibodies, respectively, and each 
cell strain is deposited in the National Institute of Bioscience and Human-Technology (1-1-3, 

JJ' Higashi, Tsukuba, Ibaragi, Japan) under FERM BP-5709 (deposited on September 21, 1995) 

* for 1B7 and FERM BP-5711 (deposited on June 6, 1996) for 7F5. 

'■'^ 

K (2) Measurement of the L-PGDS concentration in a body fluid sample 

Q The collected blood was diluted as appropriate with the blocking solution, and the 

L-PGDS concentration thereof was measured according to the above sandwich ELISA 

method. 

Meanwhile, the cases of 24 subjects were classified into two groups: one group for 
cases with restenosis (n=10) and one for cases without restenosis (n=14). Restenosis was 
determined by quantitative coronary angiography (QCA) using a CAM- 1000 (PSP Corp) three 
months after the PTCA, and the group with significant restenosis was defined as those 
subjects with a restenosis rate of not less than 50% . From the changes over time in the 
L-PGDS concentration of each group, it was elucidated that the two groups showed different 
patterns to each other (Fig. 1). That is to say, in the group without restenosis, the 
concentration decreased once immediately after PTCA, and subsequently showed a tendency 
to increase over time at 24 and 48 hours after PTCA, In contrast, in the group with restenosis, 
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the concentration decreased once immediately after PTCA, and showed almost no increase 
thereafter. Thus, a statistically significant difference was clearly confirmed between the two 
groups. 

Further, for all 24 cases, the ratio (A/B) of the L-PGDS concentration 48 hours after 
PTCA (A) to the L-PGDS concentration before PTCA (B) was determined, and those values 
were compared for the two groups classified by the above criteria. As a result, the ratio 
(A/B) of the group without restenosis was 1.22+0.31 (average + standard deviation, and the 
same applies hereinafter), and the ratio of the group with restenosis was 1.01 + 0.09; thus a 
statistically significant difference was confirmed between those two groups (P<0.005). 
Similarly, the ratios (C/B) of the L-PGDS concentration 24 hours after PTCA (C) to the 
L-PGDS concentration before PTCA (B) was 1.06+0.12 for the group without restenosis and 
1.00+0.10 for the group with restenosis; the ratios (A/D) of the L-PGDS concentration 48 
hours after PTCA (A) to the L-PGDS concentration immediately after PTCA (D) was 
1.42+0.28 for the group without restenosis and 1.04+0.13 for the group with restenosis; the 
ratios (C/D) of the L-PGDS concentration 24 hours after PTCA (C) to the L-PGDS 
concentration immediately after PTCA (D) was 1.26+0.23 for the group without restenosis and 
1.02+0.12 for the group with restenosis; and the ratios (A/C) of the L-PGDS concentration 48 
hours after PTCA (A) to the L-PGDS concentration 24 hours after PTCA (C) was 1.14+0.18 
for the group without restenosis and 1.02+0.09 for the group with restenosis. Thus, with 
respect to the ratio of concentration at any point, a significant difference between the two 
groups was confirmed. 

Example 2 : Measurement over time of L-PGDS in coronary blood after a PTCA -2 

In 10 cases of isolated left anterior descending coronary artery disease, a L-PGDS 
concentration was measured by a sandwich ELIS A method using two types of antibodies for 
blood taken from a coronary before and after PTCA (at two points: before PTCA, and 48 
hours after PTCA). Subsequently, the above 10 cases were classified by the ratio of the 
L-PGDS concentration 48 hours after PTCA to the L-PGDS concentration before PTCA as 
described in Example 1. Of these, the cases in which the ratio was above 1.10 (average of 
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the group with restenosis + standard deviation) were classified as a group in which an increase 
in the blood concentration was confirmed, and the cases in which the ratio was not more than 
LIO were classified as a group in which no change was confirmed. The results are shown in 
Fig. 2. 

As shown in Fig. 2, there were six cases in which the L-PGDS concentration 
increased after PTC A with respect to the concentration before PTCA (marked as a circle in the 
figure) and four cases in which no increase was confirmed (marked as a square in the figure). 
The occurrence of restenosis was examined for each subject three months after the operation 
in the same manner as in Example 1. The results showed that one case (16.7%) out of the 6 
in which the L-PGDS concentration had increased had significant resenosis (marked in black 
in the figure), and three cases (75%) out of the 4 in which the L-PGDS concentration had not 
increased had significant restenosis. Thus, a difference in the occurrence of restenosis 
between the two groups was confirmed. 

Example 3 : Measurement over time of L-PGDS in peripheral blood after a PTCA -3 

In a case of isolated left anterior descending coronary artery disease, a L-PGDS 
concentration was measured by a sandwich ELIS A method using two types of antibodies for 
blood taken from peripheries at points before and after PTCA (at four points: before PTCA; 
immediately after PTCA; 24 hours after PTCA; and 48 hours after PTCA). 

Meanwhile, the cases of 24 subjects were classified into two groups: one group for 
cases with restenosis (n=10) and one for cases without restenosis (n=14) in the same manner 
as in Example 1. The method for determining the occurrence of restenosis was in accordance 
with the method described in Example 1 . From the changes over time in the L-PGDS 
concentration in each group, it was elucidated that the two groups showed different patterns to 
each other (Fig. 3). That is to say, in the group without restenosis, the concentration 
decreased once immediately after PTCA, and subsequently showed a tendency to increase 
over time at 24 and 48 hours after PTCA. In contrast, in the group with restenosis, the 
concentration decreased once immediately after PTCA and showed almost no increase 
thereafter. Thus, a statistically significant difference was clearly confirmed between the two 
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groups, similar to the tendency confirmed in the coronary blood. 

In the same manner as in Example 1, for all 24 cases, the ratio (A/B) of the L-PGDS 
concentration 48 hours after PTCA (A) to the L-PGDS concentration before PTCA (B) was 
determined, and those values were compared for the two groups classified by the above 
criteria. The results showed that the ratio (A/B) was 1 .23+0.29 for the group without 
restenosis and 1.03+0.14 for the group with restenosis; thus a statistically significant 
difference between the two groups was confirmed (P<0.005). Similarly, the ratio (C/B) of 
the L-PGDS concentration 24 hours after PTCA (C) to the L-PGDS concentration before 
PTCA (B) was 1.10+0.16 for the group without restenosis and 1.02+0.15 for the group with 
restenosis; the ratio (A/D) of the L-PGDS concentration 48 hours after PTCA (A) to the 
L-PGDS concentration immediately after PTCA (D) was 1.32+0.35 for the group without 
restenosis and 1.08+0.14 for the group with restenosis; the ratio (C/D) of the L-PGDS 
concentration 24 hours after PTCA (C) to the L-PGDS concentration immediately after PTCA 
(D) was 1.17+0.20 for the group without restenosis and 1.07+0.16 for the group with 
restenosis; and the ratio (A/C) of the L-PGDS concentration 48 hours after PTCA (A) to the 
L-PGDS concentration 24 hours after PTCA (C) was 1.11+0.13 for the group without 
restenosis and 1.02+0.07 for the group with restenosis. Thus, with respect to the ratio of 
concentration at any point, a significant difference between the two groups was confirmed. 

Example 4 : Measurement over time of L-PGDS in peripheral blood after a PTCA -4 

In 12 cases of of isolated left anterior descending coronary artery disease, a L-PGDS 
concentration was measured by a sandwich ELIS A method using two types of antibodies for 
blood taken from peripheries before and after PTCA (at two points: before PTCA, and 48 
hours after PTCA). Subsequently, the above 12 cases were classified by the ratio of the 
L-PGDS concentration 48 hours after PTCA to the L-PGDS concentration before PTCA as 
described in Example 3, Of these, the cases in which the ratio was above 1.17 (average of 
group with restenosis + standard deviation) were classified as a group in which an increase in 
the concentration was confirmed, and the cases in which the ratio was not more than 1.17 were 
classified as a group in which no change was confirmed. The results are shown in Fig. 4. 
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As shown in Fig. 4, there were seven cases in which the L-PGDS concentration 
increased after PICA with respect to the concentration before PTC A (marked as a circle in the 
figure) and five cases in which no increase was confirmed (marked as a square in the figure). 
The occurrence of restenosis was examined for each subject three months after the operation 
in the same manner as in Example 1. The results showed that two cases (28.6%) out of the 
seven in which the L-PGDS concentration had increased had significant restenosis (marked in 
black in the figure) and four cases (80%) out of the five in which the L-PGDS concentration 
had not increased had significant restenosis. Thus, a difference in the occurrence of 
restenosis between the two groups was confirmed. 

As seen from the above results, it was elucidated that restenosis can be predicted by 
detecting the degree of change in the L-PGDS concentration following coronary intervention. 

INDUSTRIAL APPLICABILITY 
When restenosis occurs after coronary intervention, additional intervention must be 
performed to treat it. This places a significant financial and physical burden on a patient. It 
is possible to predict restenosis non-invasively and simply at an earlier stage, which can only 
be diagnosed invasively now. The present invention also facilitate more effective prevention 
by drugs now being tested. Furthermore, the present invention will enable the prediction of 
restenosis with reduced burden on a patient having difficulties in coronary angiography such 
as an elderly patient, a kidney-deseased patient, etc. 

All publications, patent and patent applications cited herein are incorporated herein 
by reference in their entirety. 
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What is claimed is: 

1. A method for predicting restenosis following coronary intervention by measuring a L-PGDS 
concentration in a body fluid sample. 

2. The method of claim 1 wherein a change in the L-PGDS concentration in the body fluid 
sample after coronary intervention is used as an indicator. 

3. The method of claim 1 wherein a change in the L-PGDS concentration in the body fluid 
sample between before and after coronary intervention is used as an indicator. 

4. The method of claim 1 wherein the L-PGDS concentration in the body fluid sample is 
measured using an innmunological measuring method. 

5. The method of claim 1 wherein the body fluid sample is blood or urine. 

6. The method of claim 5 wherein the body fluid sample is blood taken from a coronary or 
peripheral blood, 

7. The method of claim 1 wherein coronary intervention is percutaneous transluminal coronary 
angioplasty (PTCA), directional coronary atherectomy (DCA), transluminal extraction 
catheter (TEC), rotary atherectomy coronary angioplasty (Rotablator), excimer laser coronary 
angioplasty, or intracoronary stenting. 
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ABSTRACT 



The present invention provides a method for predicting restenosis following coronary 
intervention by measuring human lipocalin-type prostaglandin D synthase (L-PGDS) in a 
body fluid sample. More particularly, this method comprises measuring the L-PGDS 
concentration in the sample and predicting restenosis following coronary intervention by using 
a change therein as an indicator. 
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Attorney's Docket No.: 

DECLHRRTION, POUJER OF flnORNEV AND PETITION 

I (We), the undersigned inventor(s), hereby declare that: 

My residence, post office address and citizenship are as stated below next to m y 
name, 

I (We) believe that I am (we are) the original, first, and joint (sole) 
inventor(s) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled 

METHOD FOR PREDICTING THE OCCURRENCE OF RESTENOSIS 

FOLLOWING CORONARY INTERVENTION 

the specification of which 

□ is attached hereto, 

□ was filed on as 

Application Serial No. 

and amended on . 

■ was filed as PCT international application 

Number PCT/JPQO/01 109 

on February 25, 2000 , 

and was amended under PCT Article 19 

o n (if ap p 1 i c ab le ) . 

I (We) hereby state that I (We) have reviewed and understand the contents of 
the above-identified specification, including the claims, as amended by any 
amendment referred to above; that I (We) do not know and do not believe that 
this invention was ever known or used before my invention or discovery 
thereof, or patented or described in any pr in ted publication in any country 
before my invention or discovery thereof, or more than one year prior to this 
application, or in public use or on sale in the United States for more than one 
year prior to this application; that this invention or discovery has not been 
patented or made the subject of an inventor's certificate in any country 
foreign to the United States on an application filed by me or my legal 
representatives or assigns more than twelve months before this application. 
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I (We) acknowledge the duty to disclose information known to be material to 
the patentability of this application as defined in Section 1.56 of Title 37 Code of 
Federal Regulations. 

I (We) hereby claim foreign priority benefits under Section 119(a)-(d) of Title 
35 United States Code, of any foreign application (s) for patent or inventor's 
certificate hsted below and have also identified below any foreign application 
for patent or inventor's certificate having a filing date before that of the 
application on which priority is claimed: 

Priority 

Application No. Country Filing date claimed 

51216/1999 Japan February 26. 1 999 ■ Yes □ No 

g □ Yes □ No 

^0 □ Yes □ No 

. □ Yes □ No 

^ I hereby claim the benefit under Section 119(e) of Title 35 United States Code, 

of any United States application(s) listed below. 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 



I (We) hereby claim the benefit under Section 120 of Title 35 United States Code, 
of any United States application (s) listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in the prior 
United States application in the manner provided by the first paragraph of 
Section 112 of Title 35 United States Code, I (We) acknowledge the duty to 
disclose material information as defined in Section 1.56(a) of Title 37 Code of 
Federal Regulations, which occurred between the filing date of the prior 
application and national or PCT international filing date of this application: 
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Status (pending, 
patented. 

Application Serial No, Filing Date abandoned) 



And I (We) hereby appoint: Bing Ai, Registration N o. 43,312 ; Richard J. Anderson, 
Registration No. 36,732; James W.Babineau, Registration Nqu42^6; Joseph R. Baker, Registration No. 
4Q,90 P; Ingrid A. Beattie, Registration N o. 42,30 6; Robert M. Bedgood, Registration No^3,48S; 
Christine P, Bellon, Registration No ^,611 ; William E. Booth, Registration No.^J8^^931; Samuel 
Borodach, Registration Na 38,38 8; Roger S. Borovoy, Registration N o. 20,193 ; Charles J. Boudreau, 
Registration No. 42j50; John A. Burtis, Registration No. 39,924; Elizabeth Chien-Hale, Registration No. 
44077; Ruffin B.Cordell, Registration No. 33,487; John D. Cowart, Registration No. 38,415; Gary L. 
Creason, Registration No^__34^310; Lee Crews, Registration No. 43,567; Andrew T. D'Amico, Jr., 
Registration No^_33J35; Sean P. Daley, Registration N o. 40^ 978; Peter J.Devlin, Registration No. 31,753; 
John A.Dragseth, Registration Na42,497; William J. Egan, III, Registration No. 28,411; Mark S.Ellinger, 
Registration N o. 34^1 12; Eldora L. Ellison, Registration N o. 39^ 967; J. Peter Fasse, Registration No, 
32,983; David L. Feigenbaum, Registration No. 30378; Richard P. Ferrara, Registration No....30^632; 
Stephan J. Filipek, Registration N o. 33,38 4; J. Patrick Finn III, Registration No^J4J0J; Janis K.Fraser, 
Registration Na_34^819^ John W. Freeman, Registration No . 29,0 66; Timothy A.French, Registration No. 
^^0475; John J. Gagel, Registration No. 33,499 ; Edouard A. Garcia, Registration No. 38,461; Diane L. 
Gardner, Registration No^^36^518^ Kurt L. GHtzenstein, Registration Na^^39^6; David J. Goren, 
Registration No^,J4^609; Robert A. Greenberg, Registration No. P-44, 133; James A . Gromada, 
Registration No. P-44,7 27; H.Sanders Gwin, Jr., Registration No.^3^242; WJliam D. Hare, Registration 
No.^32^03g; Scott C. Harris, Registration No. 32,030; John F. Hayden, Registration No . 37,640; Mark J. 
Hebert, Registration No. 31,766; George E. Heibel, Registration Nq,..42^48; Gilbert H.Hennessey, 
Registration N o. 25,759 ; Charles Hieken, Registration No.^25^4n; Robert E. Hillman, Registration No. 
22,837; William J. Hone, Registration No. 26,73 9; Shane H. Hunter, Registration No. 41 .^85^8: 
Allison A.Johnson, Registration No. 36,173; Mark D. Kirkland, Registration No. 40,048; Lawrence K. 
Kolodney, Registration No. 43 ^807; Linda Liu Kordziel, Registration No. 39,732; Phyllis K. Kristal, 
Registration N o. 38^ 524; John Land, Registration Na29^4; Celia H. Leber, Registration No. 33,524; G. 
Roger Lee, Registration Na ^,963 ; Samuel S.Lee, Registration No. 42,791; Monica L.Lewis, 
Registration No. 42^ 0; John T. Li, Registration No,J^4^210; Ronald C. Lundquist, Registration No. 
37,875; Stuart Macphail, Registration No.^44^217; Gregory A.Madera, Registration No. 28,878; Denis G. 
Maloney, Registration iia^^9^6^ Christopher S. Marchese, Registration Na^lTJTT; John F. McCabe, 
Registration No. 42,854; Monica McCormick Graham, Registration No.J^^^; Anita L. Meiklejohn, 
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Registration 5,2 83; Todd G.Miller, Registration No. 42,003; Ralph A. Mittelberger, Registration No. 

33,195; Chris T. Mizumoto, Registration No. 42,899; James E. M rose, Registration N o. 33^^ 64; 
Louis Myers, Registration No. 35,965; Robert C. Nabinger, Registration No. 33,43 J; Greg O'Bradovich, 
Registration Na 42,94^ ; Frank R. Occhiuti, Registration No. 35^06; George C. Papp as. Registration No. 
_j5,065 ; Andrew N. Parfomak, Registration No^^2j431; John B. Pegram, Registration No,,^5JL2^; John C. 
Phillips, Registration No. 35,322; Frank P. Porcelli, Registration No. 27,374; Timothy A. Porter, 
Registration No. 41^ 258; Jon M. Powers, Registration No . 43^ 868; Eric L.Prahl, Registration No. 32,590; 
Paul A. Pysher, Registration N o_^40,780 ; Frederick H.Rabin, Registration No. 24,488; J.Robin Rohlicek, 
Registration No. 43,349; Mathias W. Samuel. Registration No. 39,823; Stephen R. Schaefer, Registration 
No . 37,927 ; Richard M. Sharkansky, Registration No^^^25^800; Steven J. Shumaker, Registration No. 
36^^225i Robert J. Silverman, Registration No. 42,149 ; John M. Skenyon, Registration No. 27,468; Jack L. 
Slobodin, Registration No^^294j0; Alan D.Smith, Registration No ._^32^005; Jeffrey L. Snow, Registration 
No^_39^7; Reginald J. Suyat Registration Na2£JJ2; Rene D. Tegtmeyer, Registration No>^ 3^567; Bao 
Q. T ran, Registration No.37,955; Hans R. Troesch, Registration No. 36,950; Y. Rocky Tsao, Registration 
No . 34^05 3; Natasha C. Us, Registration No. P-44,38J; Jonathan J Wainer, Registration Na 36,7^ ; Gary 
A. Walpert, Registration I:J£k^6j_098; John R. Wetherell, Jr., Registration No .^1,67 8; Dorothy P.Whelan, 
Registration Na_33^^4; Wayne E. Willenberg, Registration N o. 28,48 8; John N. Williams, Registration 
NoJJJ^; Charles C.Winchester, Registration No. 21,040. 

I(We) hereby request that all correspondence regarding this application be sent to the firm of FISH 
& RJOJARDSONRC. whose Post office address is: 45 Rockefeller Plaza, Suite 2800, New York, New^York" 
10111 U.S.A . 

I (We) declare further that all statements made herein of my (our) knowledge 
are true and that all statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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